Non magnetic foundry materials such as the austenitic stainless cast steel had not been used for abrasion resistant materials, because their hardnesses were very low. Usually, ceramics, cermets and cemented carbides are used for the abrasion resistant materials even though they are expensive compared with foundry materials.
Introduction
Stainless steels with excellent corrosion resistance and heat resistance are widely used for various types of home machinery, electric machines for construction and for industrial machines. In particular, non magnetic austenitic stainless steels are used as the special materials whose magnetic property does not change even in a magnetic field, because non magnetic austenitic stainless steels have the special magnetic characteristics in which they do not show magnetic irregularities, induction heating and instability in functional properties due to magnetic induction. For example, magnetic attractive force does not generate among the powder or turnings1). By the way, abrasion resistant property has been sometimes needed for some parts in machines. However, the non magnetic austenitic stainless steels have not been used for abrasion resistant materials such as die materials for forming ferrite product or construction materials for machine to pulverize inorganic pigments, because the hardness of austenitic stainless steels is lower than that of other hard materials using for abrasion resistant parts in machine. Therefore, WC-Ni system cemented carbide has been used as the materials having non magnetic property, high corrosion sodium ferricyanide solution. It was found that the microstructure depended on the base metal. In the case of SCS13A (austenitic cast steel), it was observed that the WC-S powder eluted into the melt of base metal and formed reaction phase at around the WC particles. In the case of smaller WC particles of the WC15 and the WC60, however, these reaction phases were not observed at around the particles, but other large reaction phases were observed in the side of base metal. On the other hand, in the case of FCANiCr202 (austenitic cast iron), only the WC phase, austenitic phase and graphite phase were observed in the inserted specimen. In this case, the elution of WC powder into the melt of base metal was hardly presumed, because any reaction phases etching with alkaline sodium ferricyanide solution were not observed. The details on this fact will be mentioned in chapter 4. Figure 4 shows the micro X-ray diffraction patterns of the regions of inserted WC powder and base metal in the specimen inserted by the SCS13A steel. The size of area measured by the micro X-ray diffraction was about 0.1 mm in diameter. In the case of the SCS13A (austenitic stainless steel), only the peaks of region of inserted WC powtder region of base metal phase was not detected in this inserted specimen. Full details will be mentioned in chapter 4. Figure 6 shows the result of hardness measurement in the region of base metal and inserted WC powder. The effects of base metal and size of WC powder on the hardness were investigated. It was found that the hardness of the region of inserted WC powder always increased by inserting with both the base metals, and also found that the smaller size of WC powder was effective to increase the hardness. For this reason it was thought that particle number density of WC powder on the cross sectional area increased as the size of WC particles decreased just like cemented carbide material. For increasing the hardness, the austenitic cast steel is better than the austenitic cast iron. For this reason, it was thought that in the case of the austenitic cast steel a lot of WC powder eluted into the melt of base metal, that the base metal was hardened by the eluted solute atoms and that the hard carbide phase of Fe3W3C was formed around the WC particles. 
DISCUSSION
It was found that the reaction phase around the WC particles was formed in the case of SCS13A steel, but not formed in the case of FCA-NiCr202 iron as shown in Fig.3 . This fact was also confirmed from the analysis of the micro X-ray diffraction patterns shown in Fig.4 and 5. By the way, Fig.8 shows an example of SEM micro structures of the specimen inserted WC-S powder by the FCA-NiCr202 iron. It was found that the reaction phase was formed at around the WC particles as shown in Fig8(a) . This reaction phase was clearly distinguishable in the morphology from the eutectic carbide phase in the base metal, as shown in Fig.8(b) .
Based on the result of EDS analysis as shown in Fig.9 , the reaction phase was confirmed to be a carbide containing Cr, Fe, Ni, Mn and W elements. These carbide phases were hardly observed by an optical microscope, because they were hard to be etched by the alkaline sodium ferricyanide solution and also they were formed in small amounts at around the WC particles. From these reasons, this carbide phase was thought to be hardly detected also in the micro X-ray diffraction patterns. These carbide phases were also not observed at around the WC particles in the case of smaller particles of the WC15 and the WC60, though the details of the formation were omitted here. In any event, it was confirmed that the WC powder eluted into the melt of base metal and formed the reaction phase which was thought to be the carbide phase. was adopted to be 1803K which was lower by 120 K than that of the austenitic cast steel of SCS 13A. Therefore, the amount of eluted WC into the base metal was thought to change depending on the pouring temperature. Figure 10 shows the effect of pouring temperature on the micro structure around insert WC-S powder in the specimen inserted by using the FCA-NiCr202 iron. As shown in fig.10 , however, the changes in the shape of WC particles and the amount of eluted WC were hardly presumed to occur even for higher pouring temperature of 1923 K. The compound phase of
Fe3W3C obtained in the case of SCS13A iron was most observed in the case of FCA-NiCr202 iron as shown in Fig. 10 .
Next, the effect of carbon content in base metal on the micro structure around the insert WC powder will be discussed. As shown in Table 1 , carbon content in the FCA-NiCr202 iron is 3.0 mass% which is much higher than the value of 0.039 mass% in the SCS13A steel. Therefore, comparison of the micro structures for the FCA-NiCr202 iron and the SCS13A steel is thought to be difficult, because they have different chemical composition. Hence, Figure 11 shows an example of the micro structure around insert WC powder in the specimens inserted by using two kinds of the FCA-NiCr202 base metals having 1.0 mass% C and 3.0 mass% C.
These two specimens were made under the same insert procedure. It was found that the FCA-NiCr202 iron having 1.0 mass% C had a tendency of chilling, so that many carbide particles were formed in the base metal matrix as showing in Fig.11 . The shape of WC particles changed to round shape as shown in Fig.11(a) . Therefore, the WC powder is thought to elute more into the base metal in the case of higher carbon content of the FCA-NiCr202 iron. However, the compound phase of Fe,W,C obtained in the case of SCS13A steel was not observed in the case of the both FCA-NiCr202 irons.
The reason for this fact may be considered form the viewpoint of the characteristics of the cemented carbide which has thin iron layer as the binder (3 Finally, the effect of chromium content in base metal on the elution of WC will be discussed. Many WC particles were observed to elute into the base metal further in the case of the SCS13A steel than in the case of the FCA-NiCr202 iron. This fact was thought to be due to the effect of chromium content in base metal. As shown in Table 1 shows the phase diagram of Fe-Cr-C system showing austenite area at high temperature range. It is found that the austenite area decreases with increasing the chromium concentration. The austenite phase is known to have non-magnetic characteristics. Therefore, it is thought that the austenitic cast iron (FCA-NiCr202) increases the magnetic permeability with increasing the chromium concentration, though the amount of eluted WC particles increases to lead high hardness of the base metal. As shown in Fig.7 , however, the FCA-NiCr202 iron is found to show higher magnetic permeability than that of the SCSl3A steel. Therefore, more high content of chromium in the FCA-NiCr202 iron is thought to lead more high magnetic permeability, which is not a good approach for the rational design of machine parts.
CONCLUSION
In order to make non-magnetic and abrasive resistant materials, the WC powder inserted specimens were made by casting austenitic cast steel (SCSl3A) and austenitic cast iron (FCANiCr202). They were investigated by micro-structure observation, micro X-ray diffraction method, hardness test and magnetic permeability measurement. The results obtained are as follows.
(1) When the WC powder were inserted by each base metal, the hardness of the WC powder inserted region was several times as high as the region of base metal, though the magnetic permeability of the WC powder inserted region was almost same as that of the region of base metal.
(2) When the austenitic stainless cast steel (SCSl3A) was used as a base metal, the reaction phase of Fe3W3C was formed around WC particles and the hardness increased. This was due to the elution of WC powder into the melt of base metal. In the case of the austenitic cast iron (FCA-NiCr202), however, the reaction phase was hardly formed and also the elution of WC powder was hardly observed. This fact was presumed to be due to the effect of carbon and chromium contents in the austenitic cast iron. (3) In this study, it is found that the WC powder insert method is effective to produce surface hardened non magnetic materials having high hardness and high abrasion resistance, even though the hardness of base metal such as the austenitic cast steel and austenitic cast iron is low.
